We find in our quaternionic version of the electroweak theory an apparently hopeless problem: In going from complex numbers to quaternions, the calculation of the real-valued parameters of the Cabibbo-Kobayashi-Maskawa matrix drastically changes. We aim to explain this quaternionic puzzle.
INTRODUCTION
In this paper we review some of the basic properties of the quaternionic electroweak theory (De Leo and Rotelli, 1996) , based on the one-dimensional local gauge group U(1, q)LI U(1, C)r [quatemionic counterpart of the Glashow (1961) group]. Notwithstanding the recent success in manipulating the noncommutative quaternionic field in quantum mechanics and field theory (Adler, 1986a (Adler, ,b, 1988 (Adler, , 1989 (Adler, , 1994a (Adler, ,b, 1995 (Adler, , 1996b Adler and Millard, 1995, 1996; De Leo and Rotelli, 1994, 1996b; De Leo, 1996a,b,d) , quaternions must be treated with prudence. For example, we meet with a puzzle in our version of the Salam-Weinberg model (Weinberg, 1964; Salam, 1968) , namely, how to reproduce the right calculation of the real-valued parameters of the Cabibbo-Kobayashi-Maskawa (CKM) matrix (Cabibbo, 1963; Kobayashi and Maskawa, 1973) by quaternions.
Historically, the quaternionic field was introduced by Hamilton (1969) in 1843, and after the fundamental contributions to quaternionic quantum mechanics by Finkelstein et al. (1962 Finkelstein et al. ( , 1963a Finkelstein et al. ( ,b, 1979 ) (foundations of quaternionic quantum theories, quaternionic representations of compact groups, etc.) quaternions were somewhat an enigma for physicists. Quaternions was ~Dipartimento di Fisica, Universith degli Studi Lecce, and INFN, Sezione di Lecce, 73100 Lecce, Italy; e-mail: deleos@le.infn.it. restored to life by the work of Horwitz and Biedenharn (1984) (quaternionic tensor product, second quantization, and gauge fields). In the Preface of Adler's (1995) book we read, "In particular, my decision to embark on a detailed investigation of quaternionic quantum mechanics arose both from a question posed to me by Frank Yang and from my study of a preliminary version of the 1984 paper by Larry Biedenham and Larry Horwitz sent to me by the authors." Today Adler's book represents the main reference one working this research field.
Let us briefly discuss the features of quaternionic numbers. The quaternionic algebra has been expounded in a series of papers (Rembieliriski, 1980a,b; Dimitric and Goldsmith, 1989; Razon and Horwitz, 1991a,b, 1992; Nash and Joshi, 1987a ,b, 1988 , 1993 Horwitz, 1993) and books (Gilmore, 1974; Altmann, 1986) ; the reader may refer to these for further details. For convenience we repeat and develop the relevant points.
The quaternionic algebra over the real field ~ is a set = {a + i13 + j~ + k~lct, 13, ~/, ~ E ~} (1.1) with the operation of multiplication defined according to the following rules for imaginary units:
In going from the complex numbers to the quateruions we lose the property of commutativity (ij --/= ji). This represents a challenge in manipulating such a numerical field. Working with noncommutative numbers, we must admit the existence of left and right multiplication; in fact the left action of the operator (~ on quaternions q ~q is in general different from its right action q~ In order to distinguish left/right actions, we will use the following terminology for right:acting operators (1 IC)q --qC Namely, we introduce the concept of barred operators.
